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INTRODUCTOR y, 
In carrying out the objects of the organization of an " Agricultural 
Experiment Station," we cordially invite the cooperation of all persons 
interested in its success. Suggestions as to lines of experimental work, 
problems to be solved, inquiries relating to agriculture, horticulture, stock, 
and the dai'ry, will be cheerfully received, and answered as far as possible; 
but no work will be undertaken unless of public value, and the results of 
which we are at liberty to use for the public good. 
Specimens of grains and grasses, seeds of fruit and forest trees; 
vegetables, pla:ats and flowers that are true to name; varieties of beneficial 
and injurious insects; samples of mineral waters and ores, and whatever 
may illustrate any department of agriculture, will be gladly received, and 
due acknowledgments made in annual reports. Directions for collect1ng, 
packing and shipping such specimens will be furnished on application. 
Bulletins will be issued at least quarterly, giving the results of experi-
mental work as fast as completed, together with such suggestions and 
information as may be thought valuable to the farmers of Missouri. 
The bulletins and rep6rtsof this Station are sent free to every citizen 
of Missouri who applies for them. -Copies are sent as soon as issued to 
every newspaper in the State, to every Grange, Farmers' Alliance, or other 
Agricultural organizatlOn, whose address can be obtained. Bulletins and 
reports are also sent to the leading Agricultural papers of the country, 
and will be sent to any paper that may desire to exchange. 
Letters relating to any special line of work should be directed to the 
officer in charge of that division, but all general correspondence relating 
to the work of . the Station should be addressed to 
EDWARD D. PORTER, 
Director of Experiment Station. 
Columbia, Boone Co., Mo. 
DEPARTMENT OF AGRICULTURE. 
BY 
H. J. WATERS. 
ASSISTANT AGRICULTURIST. 
FIELD EXPERIMENTS WI'l'H CORN. 
The field' experiments with corn repol'ted 'in the fol-
lowing pages have been, with a few exceptions, carried on 
during the past two years. 
They were mainly planned by Prof. J. ,,\V. Sanborn, 
formerly Director of the Station, and, at the time of his 
retirement from the Station, June 1, 1889, were, for the 
most part, under way. ' 
The completion of the work devolved upon the writer, 
and each line of work was carried out in accordance with 
the original plans, as far as the unfortunate circumstances 
of the destruction of our barn, together with ,all equip-
ments for work, and the depleted condition of the Station 
treasury would permit. Prof. Sanbbru's successor, Dr. 
Edward D.Porter, took charge in September of the same 
year, and encouraged the full completion of the investiga-
tions then in hand. It was deemed advisable to make a 
trial of the same experiments during the year, 18))0, 
which has been done, the plan being modified in some of 
the work; some lines dr:opped and others extended. Yet, 
the general plan has been adhered to, and the same methods 
adopted in the second as in the first year's work. 'J.'he 
first year's experience demonstrated that some of the land 
used was unfit for plat experimentation, and has been 
turned back to the general tillage land of the farm. 'J.'his 
restricted the work toa slight extent, but not materially. 
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This report covers the work in the following lines: 
1. Test of varieties. 
II. Manures. 
III. Preparation of soil for planting. 
IV. Distance and "thickness of planting. 
V. Cultivation of ~orn . 
. ( (f,) Depth of cultivation. ' 
( b) Effect upon soil moisture .. 
( c) Frequency of cultivati.on . . 
((2) Hilling and level culture; 
( e ) Tilled one way vs. cro.s8-tilled. 
VI. Subsoiling for roots and corn. ' 
VII. Drainage for roots and corn. 
I.~'l'EST OF VARIETIES. 
A satisfactory comparative test of different varieties 
of corn is beset with many difficulties. When the varie-
ties are grown side by side the infiuence of cross-fertiliza~ 
tion is plainly visible the first season, exerting an infiuence 
upon the crop that cannot be measured; while, if grown 
upon widely separated areas, a greater element of error is 
introducecl in difference of character of soil, exposure, 
etc. Moreover, the list of varieties, as usually tested, is 
made up from the stock of seeds men from the North, 
Sonth, East and West, which brings together seed grown 
under widely different conditions of soi.l and climate. 
This, doubtless, exerts an influence upon the first crop, at 
least, and, when grown' side by side in the test, they are 
so thoroughly mixed as to be unfit for seed fo!, the suc-
ceeding year. 
Frequent calls are made for the data gathered in a 
variety test, however, and, to meet 'this demand, forty-one 
varieties were test.ed in 1889. 
The soil, a light sandy loam, had beeu in clover, pl'evi-
ous season. To the clover sod was added a liberal appli-
cation of barnyard ma!lure, and the land plowed in the 
fall. 
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Four i·ows of each variety, two hundred and fifty-one 
feet long, the rows being three feet and nine inches apart, 
with the hills the same distance apart in the row, were 
planted A-pril 26 ,and 27. The land had been thoroughly 
prepared and was in good tilth. 
After carefully marking oif the field, as above stated, 
the seed waS planted by hand and covered with a hoe to 
insure uniform and accurate distribution. 
Cultivatio;n, shallow, with the Albion Spring Tooth 
Cnhivatoi', on May 14, 27, June 5, and "layed by" with 
the dialliond plow on June 20. Land free from weeds and 
thoroughly cuI ti vated. 
The season was favorable up to July 15, and the corn 
made a vigororls growth. At this time, a severe drouth, 
accompanied by ~xcessive temperature, set in and contin-
ued to September 10, materially reducing the yield from 
the earlier prospect. 
The corn was cut and put up in small shocks, Septem-
ber 5 ando. Husked and weighed, October 9 andlO. 'l'he 
fodder weighed, November 22. The weather had been dry, 
and the fodder had become thoroughly dry-having lost, 
perhaps, all the moisture it would in open ail'. This 
accounts for the small number of pounds of fodder per 
bushel of corn shown in the ,subjoined table of yields. 
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TABLE I. SHOWING NAME, YIELD, ETC., OF EACH VARIETY 
TESTED; 
1 Giant White Normandy White Late 10.6 
2 Champion Early White. White Med. 8.6 
3 St. Charles White . .... White Late 9.5 
4 Cuban Queen-standard Yellow Early 8.5 
5 Hickory King ......... White Late 10.5 
6 Blount's Prolific . ...... White Med. 9.8 
7 Wabash ... , .. .. .... White Late 11.0 
8PisaKing ............. White Late 10.8 
9 Hickory King. ....... White Late 9.4 
10 Golden Dent .•......... Yellow Late 9.5 
11 Queen of Prairie ....... Yellow Early 7.8 
12 Cuban Queen-standard Yellow Early 8.6 
13 Maryland Dent ...... .. Yellow Late 9.7 
14 Learning .... . ......... Yellow Med. 9.5 
15 Golden Beauty .••...... Yellow Late lOA 
16 Farmer's Favorite ...... Yellow Med. 9.6 
17 Chester Co. Mammoth. Yellow Med. 10.5 
18 Pride of North .....•... Yellow Med. 10.3 
19 Edmund's Dent •...•... Yellow Early 8.8 
20 Cuban Queen-standard Yellow Early 9.5 
21 North Star ............. Yellow Early 8.3 
22 Woodward's Yel. Dent . Yellow Early. 8.7 
23 Yellow Mammoth King Yellow Med. 10.8 
24 Logan ................ Yellow Med. 10.8 
25 Imperial ........ ' ...... Yellow Med. 10.8 
26 Murdock's Improved ... Yellow Med. 10.7 
27 Riley's Favorite ........ Yellow Med. 11.0 
28 Cuban Queen-standard Yellow Early 10.2 
29 Murdock's Improved ... Yellow Med. 10.6 
30 Long John ..... . ...... . .. White Early 8.3 
31 Calico Dent .... .. ...... Calico Late 11.4 
32 Calico Dent ............ Calico Med. 9.8 
33 Cranberry White •..... Calico Early 9.0 
34 Evan's Red •... . ....... Red Med. 9.3 
g5 Cuban Queen-standard Yellow Early 9.5 
36 Queen of the Valley .... White Med. 9.6 
37 Red Cob Gourd ........ White Late 9.8 
38 Little Willis ......... .. W.hite Late 10 .6 
39 Murdock's. ... . ...... White Early 8.2 
40 Strawberry Corn . ... . .. White Early 9.0 
41 Three Months' Corn .... White Med. 10.0 
... 90 day fiin t. 
5 .6 
3 . 6 
5.3 
4.0 
5.2 
4.9 
6.6 
6.1 
4.6 
4.9 
3.2 
4.1 
5.0 
4.5 
4.9 
4.2 
4.8 
5.0 
4.0 
5 .0 
3.8 
3.9 
5.5 
5.6 
6 .2 
5.6 
5.3 
4.8 
5.5 
3.0 
6.7 
4.5 
5.2 
4.7 
4.6 
5.1 
5.7 
6 .1 
4.4 
4.5 
5.2 
261 85 49.4 3241 65.6 
252 96 49.9207041.5 
318 77 56.4 3100 55.0 
234 55 41. 3 2170 52.5 
257 23 40.0329082.2 
293 44 48.2321066.6 
310 50· 51.5404078.4 
2651100 52 ~ 0 3300 63.4 
253 58 44.4347078.1 ~~g\ ~ g~:1 ~~~gl:*:~ 
267 57 46.3 238°151.4 
2651 78 49 .0335068.3 
241 84 46.4 3740 80.6 
306 72 54.0 3530 65.4 
241 47 41. 0208050.7 
349 69 59.7360060.3 
348 45 56.0316056.4 
356 62 59.7 2480 41. 5 
323 51 53.3288054.0 
199 69 '38.3196051.2 
262 70 47.4 2120 44.7 
372 37 58.4376064.4 
412 30 63.0368058.4 
403 35 62.6412065.8 
388 40 61. 0391064.1 
364 52 59.4 4180 70.4 
360 17 54.0 '272050.4 
385 42 61. 0 3850 63.1 
215 25 33.0258078.0 
361 45 58 .0466080.3 
281 58 48.6266054.7 
320 36 51.0385075.5 
382 17 57.0324056.8 
3316655.0323058.7 
229 84 44.7314070.2 
308 82 56.0438060.2 
327 48 53.6464078.2 
2584142.7209086.6 
249105 50.6348044.0 
268 4645.0 3120 69.4 
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In the classification of varieties into early, medium 
and late maturing, the standard has been wholly arbitrary. 
Into the early class are grouped those varieties maturing 
. within 110 days, while those maturing within 120 days are 
entered in the medium, and those requiring 130 days are 
classed as late maturing. No variety tested failed to 
mature. 
TABLE II. SUMMARY SHOWING YIELD, ETC., OF EARLY, MEDIUM 
AND LATE MATURING VARIETIES. 
ITEMS. 
Average I Average Average 
of 13 early m~~16 of 12 late 
maturing m lI~m maturing 
varieties a~ur!ng varieties 
. varIeties. . 
Average 
of all 
varieties 
tested. 
-----------------------' 
Average height of stalk-feet • . 8.8 10.1 10.3 9.7 
Average height of ear-feet . . . 4.2 5.0 5.5 4.9 
Average yield of good ears-Ibs 276 325 293 300 
Average yield of nubbins-Ibs . 54 52 59 54 
Average yield per acre-bush . . 47 53.9 51.4' 50.9 
Av. yield fodder per acre-Ibs. 2592 3350 3696 3209 
Av. lbs; fodder per bu. corn . .. 54.6 61.6 72.1 63.0 
From this table it appears that the medium maturing 
varieties average the largest yield of corn, the late matur-
ing next, and early varieties the smallest. 'fhe time of 
maturity also materially affects the height of the stalks 
and ears, aIld the number of pounds of fodder-without 
the ears-per bushel of corn. 
Similar results were obtained at the Illinois Experi· 
ment Station as shown by the following summary from 
BulletinN o. 4 ~ . 
TABLE III. SHO WING SUMMARY OF RESULTS OF VARIETY 
'TESTSAT ILLINOIS EXPEIUMENT STATION. 
Average of Average of Average of 
ITEMS; 27 early 32 medium 15 late maturing maturing, maturing 
varieties. varieties. varieties. 
-- ------
Average height of stalk-feet; . . . . . . 9.8 11.5 12.2 
Average height of ear-feet ........ 4.5 5.5 6.2 
Average yield per acre-:-bushels .... 75.6 89.8 83.2 
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H]JIGHT 0]' STALK TO YIELD. 
Grouping the figures with a view to determine whether 
there isa constant relation between the height of the stalk 
and yield we have the summary given below showing aver-
age results from the five varieties giving the smallest yield 
and the five varieties giving largest yield, as well as the 
yield of the five varieties having the shortest stalks and 
the five having the tallest stalks. 
·TABLE IV. SHOWING RELATION OF HEIGHT OF STALK TO 
YIELD OF VARIETY. 
Average I Average I Average Average 
of 5 vade- of 5 vade- of 5 vade- of 5 varie-
ITEMS. ties show- ties show- ties hav- ties hav-
yield. -yield. est stalks. stalks. 
smallest linglargest ing short- ing tallest. 
--------.----------- -----
Height of stalk-feet .... . .... 8.5 10.7 8.3 11.0 
Height of ear-feet. . .. . ...... 3.9 5.5 3.9 6.0 
Yield of corn per acre-bu ... 40.1 61.5 41.4 55.9 
Yield of fodder per acre-Ibs . . 2012 3832 2074 3988 
Pounds fodder per bushel corn. 50.2 62.3 50.1 71.3 
The average of the five varieties giving the smallest 
yield and of the five varieties having the shortest stalks 
is practically identical throHghout. On the other hand, 
there is no relation between the average of the five varie-
ties having the tallest stalks and the five varieties giving 
the largest yield. 
The table points to the conclusion that the limit of 
profitable production has been reached in our very early 
varieties with a small growth of stalk, except when grown 
for a special purpose. . 
S UMMARY . . 
1. Of the white late viuietieE! may be mentioned the 
St. Charles White andPisa King; and among the medillm 
maturing, Blount's Prolific and Champion Early White 
Pearl. Of the late yellow varieties, Golden Beauty was 
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the most desirable, while among the medium maturing 
may be selected Logan, Imperial and Murdock' s Improved, 
and from the early varieties may be named Edmund's Dent 
and Cuban Queen. 
II. The date of maturity materially affects the yield, 
the height of stalk and ear and the proportion of stalks 
to ears. 
II. lIfANUltES. 
As the experiments with different manures were made 
with corn, a summary of. th~ results are herein reported. 
The object was to determine the best method of pre-
paring and applying barnyard manures, and also to com-
pare the value of the dung excreted by the different farm 
animals. It is designed to continue this work for a num-
ber of years, giving the same plats similar treatment from 
year to year. 'fIle superiority of a certain manure or 
method of preparing the same may, at first, be so slight as 
to be scarcely appreciated, yet, if continued for a consid-
erable length of time, the effect is cumulative and will be 
more marked as the experiment continues. 
In both seasons the plats were planted in corn for 
ensilage, a common medium Yellow Dent variety being 
used, in rows 40 inches apart, with the plants 7 inches 
apart in the row. Owing to the destruction by fire of our 
silo, the crop was field-cured, and the weight of the dried 
stalks and ears .together was taken. In all cases the 
manure was plowed under. No manure was applied in 
1890, which affords an opportunity to study the influence 
of an application of manure upon the second crop, as well 
as a determination of the points originally contemplated. 
The details are given in the following table: . 
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TABLE V. SHOWING YIELD PER ACRE FROM DIFFERENT 
MANURES. 
1889. 1890. 
Plat ------ Aver-
KIND OF MANURE. Corn & Corn & age for 
No. fodder fodder two 
per acre. per acre. years. 
lbs. lbs. 
--
--- -
1 No manure . ....... ... .... . . .. ....... . ... 5060 3520 4285 
2 Fermented manure 2275 lbs ... . . . . . .... . 7800 5750 6775 
3 Unfermented manure 2275 lbs . . . . ... . ... 6210 6150 6190 
4 No manure ...... • 5250 4490 4870 
5 Solid and liquid m'a~~~e' i i40 ·lbs·.: ~ : : : : : 8200 5630 6915 
6 Solid manure alone 1140 lbs .. ......... . . 7520 5360 64.40 
- 7 Cattle manure 2000 lbs . ...... , .. ... . , ... 9080 5550 7315 
8 Horse manure 2000 lbs ... . ...... . ........ 9220 6700 7960 
9 No manure . . .... . ..... . .. . . . ... 5090 4590 4840 
10 Composted with equal weight of clay,2000 
pounds manure ...... .... . . ..... 8400 6530 7465 -
11 Not composted, 2000 lbs . . ............... 8400 6320 7360 
12 No manure ...... . ......... . .. . ... . . . .. . 6790 5110 5950 
-- ----
---
Average yield of 8 manured plats . . .. .... 8104 5999 7051 
Average yield of 4 unmanured plats . ... 5547 4427 4987 
Per cent. of gain from manuring ...... .. . 46.1 33 .2 39 .6 
In all cases, 'unless otherwise specified, cattle manure 
was used, being taken from cattle on experImental feed in 
the barn, and represents, as nearly as is possible, uniform-
ity in composition . 
. A trial of the different methods of applying barnyard 
manure was also made in 1889, the results of which are 
shown in the following table: 
TABLE VI. SHOWING RESULTS FROM MANURES DIFFERENTLY 
Plat 
No. 
APPLIED. 
APPLICATION. 
26 Plowed under 1400 pounds .. . . .. ~ ... .. _ . . _. _ . . __ . 
~~ ~~r~oa~:e~~.~~~ .1:?0. :~~_~~~: : :::::.: - _: ::: . ::-::::::::: : 
29 Cross-plowed under 1400 pounds. ; ,. ___ ... _ . . . .... . . _ .. . 
30 Left absolutely on top 14000 pounds . ..... . . oo ....... .... .. . 
--
Yield 
per acre 
of corn 
and 
fodder: 
lbs. 
6430· 
5560 
4600 
5680 
5420 
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SUMMARY. 
A glance at Table V., showing the average of the 
manured and unmanured plats,ought to impress upon 
every farmer in the state the great value of barnyard 
manure. N <;> new fact is demonstrated by these figures, 
yet they teach an important lesson. To produce the gain 
therein noted an application of less than ten loads per 
acre, such as is ordinarily hauled by the farmer, was 
required. So far the results seem to show that in the case 
of the fermented manure a greater proportion of the plant 
food furnished was available during the first year and was 
more completely exhausted by .the crop than with the 
unfermented manure. . 
Horse manure, as might be expected, gave better 
returns than an equal weight of cattle manure. 
No ad van tage was .gained from mixing an equal weight 
of clay with the manure. 
The trial with solid and liquid manure both saved 
together, and of solid manure without the liqllid~ shows 
quite clearly the waste in the system of saving manure that 
looks only to the preservation of the solid excrement. 
Manure plowed under gave better results than did any 
any other method of applying tested. 
A trial of the value of lime, salt and land plaster 
showed no increase of crop, while wood ashes made a 
material gain. 
A trial of commercial fertilizers did not show sufficient 
increase of , crop to warrant their use. 
, So far it appears from these trials that potash is the 
element most desired by corn on our land. 
Other trials with manures were made, and are under 
way which will be reported when further data is collected. 
III. PREPARATION OF I:;OIL FOR CORN. 
Under this 'head will be given the results of experi-
ments ~hich for the most part have been carried through 
two years and involving several principles III tillage. 
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The soil used in these and all trials hereafter reported 
is an upland clay loam from eight to twelve inches deep 
with a stiff retentive clay sub·soil, and having good surface 
drainage. Previolls OI'opping, 1880, oats; 1887, clover; and, 
1888, corn. 
One-tenth acre plats are used throughout. To avoid 
needless repetition let it be here stated that the variety of 
corn grown in 1889 was St. Charles \Vhite, a large, late 
maturing White Dent, and in 1890 Cuban Queen, a small 
early maturing yellow variety. Planted in rows three feet 
and nine inches apart each way, with two stalks per hill, 
from May 2d to 10th in each season after the ground had 
been thoroughly prepared. Cultivat.ed four times shallow 
with the Albion Spring Tooth Cultivator, about May 18, 
June 1, 10 and 20. This statement of cultivation applies 
to all experiments excepting trials 9f methods of tillage. 
FALL AND SPRING PLOWING. 
To compare the value of fall and spring plowing, four 
plats were plowed on November 24, 1888, to a depth of 
eight inches, leaving each alternate plat to be plowed to 
the same depth the following spring. This latter Sf>.t was 
plowed April 13, 1889, and all equally prepared. One set 
of foul' plats, comprising two fall and two spring plowed, 
were planted in corn for ensilage, and the remaining four 
were planted to Danver's Half Long Orange Carrots. The 
results of both sets are given in Table VII. below . . 
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TABLE VII. SHOWING YIELD WITH FALL AND SPRING 
Plat 
No. 
PLOWING. 
'WHEN PLOWED I 
~ield of I Yield of 
dned cor?I carrots 
and fodd r l per acre I per acre Ibs. 
I Ibs. 
----------------------
78 Spring Plo.wing . . . . .. . .. .. . . .. . . .. . .. . . . .. . . . 7240 
79 Fall Plowmg. . ....... ... . .................. 7130 
80 Spring Plowing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9200 
81 Fall Plowing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8690 .. .. . .... . 
!:l5 Spring Plowing. . ............ ........ ........ .......... 16010 
96 Fall Plowing..... . ..... .. .. . ..... . ... .... . . . . . . ... .... 1()180 
97 Spring Plo.wing.. .. .. .. .. . .. .. ... ... .. ... ...... ... 13810 
98 Fall Plowmg... .. . . . .... .. . ... ...... . .. . . . . .......... 14150 
Average of Spring Plowing. . .. .. .......... 8220 14910 
Average of Fall Plowing... ............. ... 7910 15165 
Gain in favor of Spring Plowing. . . . .. . . .. ... 310 . ....... . . 
IGain m favor of Fall Plowing.. .. ............ ...... . . .. 255 
So far the resul ts ·f.ail to show any special ad vantage 
from eithe.r as the results are so slight as to be within the 
limit of error. 
BROAD AND N AltROW FUIUWWS. 
The above terms are nsed to denote the degree of 
thoronghness in plowing the land under experiment. In 
the case of the narrow furrow the ground was most thor-
oughly plowed..,--an ordinary 12-inch plow being made to 
cut only about 7 inches. By this means the soil to the 
depth plowed (8 inches) was completely inverted and well 
pulverized. In the broad furrow the same plow was made 
to cut about 16 inches to the required depth, leaving, there-
fore, about one-fourth or the soil virtually undisturbed-a 
system in vogue in some sections in preparing land for oats 
and known in the parlance of the farmer as "cutting and 
covering." By the side of these plats was one having no 
preparation whatever. This plat was marked off and seed 
deposited in holes dug with a hoe. The culture was level 
and shallow. In ·both seasons the same plats were used. 
The results for both seasons are given separately in the 
following table: 
Plat 
No. 
-
72 
73 
74 
75 
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~ABLE VIII. RESULTS WITH DIFFERENT METHODS OF 
PLOWING. 
1889. 1890 . 
00 .; p 00 .; 00 :::i to 8~ ;9 ..0 ;9 a;S ..0 ..0 ;9 TREATMENT. ~ - ~~ ." .... ~~ as ~ Cl)- "'..,- ~- ~a5 ~.a ... CD .... ",03 ~,$ <D~ ",'a .... 0 A~ 1; 'a ... 0 .,,0 <D03 
.S ~ <Dc;S c3 Cll .S A ~ <D ." .... CD <D 
'0 ..0 '0 '0 '0 ..0 '0 '0 0 ..0 ] 'C 0 ..0 Ql '0 0 ~ 0 0 ~ ~ &: ':!:J ~ ~ C!:l 
----------- - - - - - - -
-Lap Furrow-narrow .. .. ... . , . . 196 80 39.4 3020 159 59 31.0 1690 
Lap Furrow-broad ............ / 199 90 41.3 3180 148 82 32.9 1690 
No Plowing ................... 189 115 43.3 2650 130 71 28.7 1490 
Ordinary Plowing ............ ,. 205 84 41.3 3060 136 96 33.1 1630 
TABLE IX. SUMMARY FOR TWO YEARS. 
TREATMENT. I Corn I Fodder . per acre per acre 
. bu. Ibs. 
Lap Furrow--narrow................. .. ............ 35.2 2355 
Lap Furrow-broad. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37.1 2435' 
No Preparation....... .. .................... ...... 36.0 2070 
Ordinary Plowing ................................. '1 37.2 2345 
The results are, to say the least, surprising. The two 
seasons were in many respects similar, and the yield of the 
plat having .no preparation before planting and the soil 
stirred to a depth of about two inches in cultivating, aver-
aged for the two seasons more corn thaIl the plat having 
thorough preparation. Yet the decline in the second year 
is very marked. In 1889 this plat gave the largest yield, 
while in 1890 it gave the smallest of the set. This ;plat 
uniformly gave less fodder than those adjoining. Whether 
a further continuation of cropping without plowing will 
result in a further decrease in the crop remains to be seen. 
In 1889 a period of excessive rainfall extending from 
May 15 to June 1 brought out some interesting fac.tsin·the 
growth of the corn planted on these differently prepared 
plats. 
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. During the time the soil was completely saturated 
with water the plants on the thoroughly prepared land 
made little or no growth, became pale and apparently suf-
fered materially. The plants on the plat having no prepa-
ration continued to grow vigorously and maintain a rich, 
healthy color. This was less marked on the plat having 
partial preparation, the plants appearing to occupy an 
intermediate position as it were. rrhere is no material 
difference in the surface drainage of the plats. This was 
followed by a drouth and excessive temperature during 
which time the order of growth was completely reversed-
the plants on the thoroughly prepared land making a good 
growth and showing the effects of the :drouth much less 
than on either of the other plats. 
These phenomena have been observed before by the 
writer and are not new to the experienced and observant 
corn grower. 
To what extent we may depend upon the disintegrat-
ing and pulverizing influences of nature in freezing and 
thawing to supplant the artificial methods in vogue, if at 
all, yet remains an unsolved problem. 
These results are but one of many indications that our 
knowledge of the true principles of tillage and soil physics 
is exceedingly mea,ger. 
DEEP .AND SHAT,LOW PLOWING. 
In 1890 a trial of deep and shallow plowing for corn 
and the effect of thoroughly pulverizing the first few 
inches of the soil with some tillage implement was made: 
The subjoined table shows the details and results: 
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TABLE X. YIELD FROM DEEP AND SHALLOW PLOWING. 
Good ears Nubbins Yield Fodder Plat PREPARATION. yield yield per acre yield No. per plat per plat bu. per acre lbs. lbs. lbs. 
- --------------------
---- ----- ----------
78 Plowed Deep-lO inches .. .... 175 72 35.3 1740 
79 Plowed Shallow-4 inches .... 232 68 42.8 1800 
80 Plowed Deep-lO inches ... . .. 278 
I 
51 47.0 2000 
81 Plowed Shallow-4 inches . ... 271 73 49.1 2200 
76 Spring Tooth Cultivator-2 in. 106 62 24 . 0 1410 
77 Disc Harrow-3 inches .... . ... 117 74 27. 3 1630 
78 Ordinary Plowing-8 inches ... 136 96 3U.l 1630 
-
Average of Deep Plowing ....... ... . . .. . . .. . .. . ... 41.1 1870 
jA verage of.Shallo~ Plowing.. . . ... . ... . . . . . , .... . 45.9 2000 
IA verage wIth ,CultIvators. . . . . . .. . ...... . . . .. ... . . 25.7 
I .. ~~~~ .. Inc. Shallow over Deep Plow'g . . . ....... .. .... ..... 4.8 Per ct. Inc.withShallowPlow'g . ... . . . . .. .... . ... .. 11.6 I . I 
It must be borne iu mind that this trial covers but one 
season and falls far short of warranting a conclusion, 
although the results point favorably to shallow plowing. 
VI. SUBSOILING. 
It has been assumed by many writers that subsoiling 
would prove especially advantageous on soils having an 
outlet for the surplus vyater in times of excessive rainfall 
and t.hat the increased water-holding capacity during these 
times has accounted for the unfavorable results obtained 
. in many cases from this method of preparing land. With 
a view of testing this question four plats of uniform 
quality were carefully tile~drained in the fall of 1888. 
The plats are 33 feet wide and through, the center of each 
was laid a line of two-inch drain tile 32 inches deep con-
necting with a five-inc.h main belonging to another system: 
They also have good surface drainage. 
On May 10, 1889, plats 1 and 3 were . subsoiled by fol-
lowing the breaking plow, which was run to a depth of 
7 inches, with a subsoil plow run to a depth of 5 inches, 
loosening the soil to a depth of 12 inahes. The subsoil 
plow did not invert the soil, but merely loosened it. Plats 
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2 and 4 were prepared in a similar manner with the excep-
tion of subs oiling. On May 22, the group was planted to . 
Improved American Rutabagas. The same plats were 
treated in a like manner in 1890, and planted to corn. 
In the following table is given the results for both 
seasons. 
TABLE XL SHOWING ,RESULTS WITH SUBSOILING FOR ROOTS 
AND CORN. 
~~I~- ~ ~~:,..,w~-~ - ~~ I~~t:~~~-~ 
ZO , oe't:l."''t:I.~'t:I.p..~'''-'t:I' 
I ~Q)~"d~~:S~~~~~Q)~ 4..l .5'.-1 (') C·~....-j .t:J.,.-.( - ...-:4 i-I rt:::'~ Co) 
oe I . ~ h cd 0 ~ ~ ::I h ~ .~ g 0 1>1 cd p:; . p:j c.? Z ';>i W r;.., 
- 1--·------------ --- .-- --- -----
82 ISubsoiled .. . ......................... [I 22000 352 4fJ 57.3 2380 
83INotsubsoiled ........................ 259()f) 312 8957.3 2190 
84 ISubsoiled . . . . ... . . . . . ... . .. .. ... . .. 1 24950 306 7955 .0 2110 
85 Not su bsoiled .................... " . "1 22. 930 336 52 1' 55.5 2090 
IAverage of subsoiled ...... . ...... . . '1 2347(j ...... . ..... 56.1 .... .. Average of nnsllbsoiled ............. . 24447 ... .. . . . . . M.4 . .. . .. 
Increase from unsu bsoiled. . . . . . . . . . • . 972 . . . . .. ...... .3 .. . .. . 
-- ------ ---_'0,-_-
From which it appears that no benefit was derived 
from subsoiling in either season. In both seasons a drouth 
occurred in August which afforded a good opportunity for 
subsoiling to show to ad vantage if the theories of its 
ad vocates are correct. 
The experiment will be continued. 
v. OUL'l'IV A'l'ION OF CORN. 
A number of triaJs in culture of corn were made with 
the primary object of comparing different methods and to 
find the most · efficacious, and with the further object of 
endeavoring to determine the true functions of tillage. 
DEEP AND SHALLOW CULTrv ATION. 
A trial of deep and shallow culture of corn was made 
. in 188!1 and 1890. The same plats were used in both sea-
sons. Belonging to thi:;; set is a plat that has been grown 
in corn during the past two years without any .tillage what-
ever, the weeds being kept down by scraping the surface 
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with a sharp hoe. 'This operation was necessary twice dur. 
ing each season about May 26 and June 18. 
In the trial of depth of tillage different implements 
were used leaving the soil in very different conditions. 
}i'or deep tillage the ordinary field cultivator was used, 
running to a depth of from five to six inches. At first the. 
narrow shovels or bull tongues were used, and aftenvard 
the ordinary shovels, care being taken to avoid ridging or 
hilling as III uch as possible. 
For shallow tillage an implement designed by Prof. 
Sanborn and made by a local blacksmith was used. It is a 
. modification of the principle of the Tower Shallow Culti-
vator and has a number of narrow knives running an inch 
or more under the sm-face loosening the soil and effectually 
destroying the weeds in its path, but not lifting the soil 
suffieiently to cover the weeds in the hill unless quite small. 
The result of the two years' work is given in the table 
below. 
TABLE XII. SHOWING RESULTS WITH DEEP AND SHALLOW 
CULTIVATION OF CORN. 
1889. 1890. 
Q z~. "ti --Q---Z~---~ 
'"C 0 d ...... ~ 0 "'d 0 ~ j:::i I -. 1-01 0 ~& ~g ~ ~~ $.& ~g ~ g~ 
~ tt> st" 5'"'0 : ~ ~ ct: ... e-t- S" "t:1 : ~ 
pl ~ o;:!fJ ~ . ~ ~ g.:n l3i : ~ ~ .fA ~ ~. F; : ~ -:p. : ~ ~ (I) ~ : ' !P-.~ .g~ : CD".~ ~ 
"'..... . Po:.... . il' ~: s: - . \lO 
: CP' : '"d ~ • t'":) : a;- . "t:l a : ~ 
: 5:1 : ~ fIl : .. ~ : s: : ~ 91 : _cD 
KIND OF 
CULTIVATION. 
Deep CuI. 4 ti~ 3ii7 '"'66 \ 66.2 3240 270 / 57.5 46.8 2020 
Shallow OuI, 4. times. 487 46.5 76.2 3560 287 71 51.1 2340 
Stand. CuI. 4 times.. 466.5 48.5 73.() 8610 200 71.5 38.811760 
Deep CuI. Himes... 405 53.5 I 6.'i.5 j 3220 210 I 40 35.7 1630 
Shallow CuI. 4 times. 560 I 27.5 tl4. 4280 341 55 56.6 2070 
NoTillage .......... 532.54t 82. 3900 259.560.5 45.7 1570 
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TABLE XIII. AVERAGE YIELD OF' DEEP AND SHALLOW 
TILLED PLATS. 
1889. 1890. Aver'ge 
KIND OF CUUfIVATION. . Corn Corn Corn 
. l~~~~~~ Bu. Bu. Bu. ' 
--- ---- -----
. DeepTillll;ge-averageof2plats .. : . .. ... ...... 1 fliL 8 ~! . 2 ~3.1) 
Shallowtlllage-averageof 2plats .. . .......... 80 .1 ,)3.8 66.9 
No tillage-1 plat...... . ..................... . . 82.0 45.7 63.8 
Standard-1 plat........ .... . . .......... .. 73.6 38.8 56.2 
Increase of shallow. over deep tillage.. ......... 14.3 12.6 13.5 
Per cent. increase of shallow over deep tillage. 21.7 30.6 25.2 
The Illinois Experiment Station has conducted similar 
experiments with similar, though less marked, results, as 
is shown in the subjoined summary of results from Bulle-
tin 13 of that Station. 
TABLE XIV. SHOWING RESULTS WITH DEEP AND SHALLOW 
CULTIV ATION AT ILLINOIS EXPERIMENT STATION. 
--'---- ---------_.. .. .... - .......•. . - . • . _ ... _._-
KIND OF CULTIVATION. ' 1 ___ B.UShels_corn per_a.cre. __ 
____________ . ~~I~~ ~~~I Aver'ge 
Shallow tillage~average of 3 plats. .... 94 .2 83.1 68.1 81.8 
Deep tillage-average of 3 plats .... " 84.9 74 .1 63 .2 '74.1 
lllurease with shallow-Bu. per acre. .... 9 .3 9.0 4 .9 7.7 
Percent.increasewithshallowtillaglo.[ 11.0 12 . 1 I 7.8 10.3 
In the above trials different implements were used. ' 
Here we have the effect of the two systems of tillage npon 
the moisture in the soil, the destruction of weeds and stir-
ing of the soil as shown in the yields. 
In the following trial of depth of cultivation the work 
was done with the hoe, and the tillage, in all cases, was . 
similar, except in depth to which the soil was stirred. 
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TABLE XV. SHOWING RESULTS FROM HOEING CORN. 
1889. 1890. Av. 
------"-- ----------
::::l ui 1'0 00 '"' :; ~ :s:loo"Cui ,.; I 00 QJ,.Q _..0 0)..0 _.t;} ~ - ,.Q a; '1"""4_ Cl,)......c ~ill . .-c_ Q;)_ ~ill -
DEPTH OF TILLAGE. ~ I'~ :::.. h .~ A I ~ '"' '"' . ' h (.) J, ~ I ~ e III ~~ ~~ I ~ ~' Q)a5 ttl ~~ cbce 0'"' :::..tl cO ........ en_ S ~ Ag 
'"' ~-a.S Q. (.) '" '"'0:1 1) ~.5 ~ !;) ~ t ~ '" 0:1 
'" 
:=. 
'"d .. "O~ '0 ~ "'d~..Q~ :9 "0 Q " OCl..<:>Cl OJ OCl..oCl OP.::;:$:;::l. O~::s~ 'l) '0 '"' ~ .~ 0 0 c:l Z o Z ;>< "" v 
- - - - - - - - -
Hoed 1 inch deep ............... 528 71 85.6 3600 234 158 56.0 3280 70.8 
Hoed 2 inches deep . . . . . ........ 444 40 69.0 3430 250 lUi G2.2 3100 60 .6 
Hoed 3 inches deep ... . . .. . .. " ... 540 46 33.7 3770 225 113 48.3 2300 66.0 
Hoed 4 inches deep. . .. . . . .... 538 6Of5 8760 262 95 51.1 2310 68.3 Hoed 5 inches deep .... .. .. .. .. . 255 91 49.4 2200 ..0. Standard ......... . . . ... .... .. 583 63 92.7 3550 257 71 47.0 2000 69 .8 
A study of the table sho \vs less difference when depth 
alone is considered between the deep and shallow-tilled 
plats than in the trial just preceding this. 
INFLUENCE OF TILLAGE UPON SOIL i\'IOISTUlm. 
To study the influence of depth of tillage upon soil 
moisture, the soil of the deep and shallow-tilled plats 
reported in Table XIII. was sampled in 1~90, each week 
for eleven weeks, ending August 6th, to a depth of seven 
inches, and the moisture determined by the Chemical 
Department, The plat having no tillage was also sampled 
in the same manner and at the same tlme. 
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TABLE XVI. SHOWING INFLUENCE OF DEPTH OF TILLAGE· 
UPON SOIL MOISTURE . 
oil ai "'Q) • J O'j CD I I 00 Q.1 
:E ~.a 0 .... ~ '11-1 := ,... ~$..(::S . ....; E 1.;.9 0 "'-+-> 0..-( Q)..j.;I 0.. ~ S ·~ ~~.~ CD ~ CI) po.::: 
..... 9 be) CD'~ - Q) ..... NOTES. :;;~a t>- 0 c:: (.) 0 ......t;.... ~ 0", oaSS S1-4S~~-@ Q):I1 Q..S~ ;:::::::b.O~ ...., Q) ..... I') ~ Q) 
'" re~ c ~..$ 0 o~ 0 'Oil') t>-.cO 
>=1 >=1 ri.i Z P=l ........ 
----
------- -------------------
Abundance of moisture. 
May 27. 19.630 19.860 22.000 1.79 Ground just dry enough to plow. 
June 3. 17.620 25.620 18.700 Rain needed; corn beginning to wilt. 
June 11. 24.285 27 .618 23 .596 1. 84 'Water standing in furrows. . 
June 18. 17.565 21.721 17 .565 . .21 G-etting dry. [feet high. 
June 25. 17.069118.4.64 17 791 1.35 Water enough for good growth corn 3 
July . 2. 10 . 9761~.644 12.636 Quite dry; corn twisting. 
July 9. 10.295 10 .386 10.280 .42 Suffering for rain . 
July 17. 18.68419.976 17.522 2.09 Water enough for good growth. · 
July 24. 17 .85019 .156 19.661 2.46 Water enough for good growth. 
July 31. 15.71616.091 13.031 Getting dry. 
Aug. 6. 12 .93112.411 12.566 .12 Still dryer: 
----------
---------_.-
Aver'ge 16 .611 18.541 16.849 .93 ....... . ..... . ............ . ...... . ... 
By this table the shallow-tilled ·plats contained on an 
average for the season tested, 10 per cent. more moistnre 
than the plat having no tillage, and 11.6 per cent. more 
than the plats receiving deep tillage. 
The results are snrprising. It was expected that the 
plat receiving no tillage would show the smallest contflnt 
of moistu,re. But there appears to be no difference between 
this and the deep-tilled plats, By this table the amount 
of moisture is uniformly greater in the shallow-tilled soil 
than in either of the others tested. 
A trial by the New York Experiment Station showed 
that the moisture increased regularly with the depth of 
tillage, which is not in accord with our results. Yet the 
cases are not analogous since, in the New York experi-
ment, the cultivation was done with a spade and thestn-
face wa.s carefully raked alid . fined to form a perfect 
mnlch. 
Tn our trial, as has been ah:eady stated, the tendency 
in deep tillage, with our ordinary field cultivators, is to 
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leave the loose soil in ridges, forming a mulch deeper 
than is necessary on portions of the surface, and. leaving a 
portion without any covering to check evaporation. More 
surface is necessarily exposed to the air and Slln when 
uneven ~han when level. 
The reader will understand the action of a mulch to 
be the breaking of the upward flow of moisture that occurs 
during most of the growing season, before it reaches Ghe 
surface, where it would soon be evaporated. It also pre-
vents the soil from cracking and. admitting warm, dry air 
to take up moisture. 
The system of tillage, other things being equal, that 
forms the most complete mulch, best conserves soil 
. moisture. 
I do not understand the increase in moisture in the 
shallow-tilled plats on June 3, while in each of the adjoin-
ing plats a decrease occurred. 
lIITlLCHING CORN. 
A trial of mulching corn in 1889 to determine to 
what ~xtent the conservation of moisture and the preven-
tion of the growth of weed would answer the purposes 
of tillage. At the outset., allow it to be stated, that. this 
was not attep1pted in the hope that it niight become a 
practice, but we were simply in search of a principle. In 
no case was any tillage given the mulched plats. On one 
plat a layer of finely pnlverized earth, one-half an inch 
deep, was carefully spread over the snrface, and in the 
other cases sand and chaff were spread to the same depth. 
The mulch was repeated once. Size of the plats, one-
thirtieth of an acre. 
In the table below is given the results, together with the 
yield of an adjoining one-tenth acre plat, having standard 
cultivation and one cultivA.tion with a scuffle hoe, to a 
depth of one-half inch. 
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TABLE 'XVI. SHOWING EFFECT OF MULCHING CORN 1889. 
TREATMENT. 
Good ears Nubbins Yield Fodder 
per plat per plat per acre per acre 
lbs. lbs. bu. lbs. 
---------------------- -,---
Mulched with Fine Earth.......... 105.0 30.0 57.9 3680 
Mulched wiLh Sand. . . . . ........... 109.5 37.5 63.0 3480 
Mulched with Uhaff. : . . . . . . . . . . . . . 92.5 34,5 54.4 3840 
Cultivated with Albion 2 inches ... 98.0 33.0 54.6 3340 
Cultivated with Scuffle Hoe 1- inch. 118.5 24.0 61.1 3464 
Average of Mulched Plats ......................... : .. . 58.4 
,Average of Cultivated Plats....... .......... .......... 57.8 
Difference in favor of Mulching.. .. . .. .. ..... ....... . .. .6 
In this case the mulch prevented the evaporation of 
moisture as effectually perhaps as thorough tillage, and also 
prevented the growth of weeds. " 
Here two of the conditions of tillage are filled, and 
the stirring of the soil alone onlitted, with the result of no 
diminished yield. 
In the case of the plat having no tillage but the weeds 
removed, evaporation was unchecked and the soil remained 
unstirred. Yet the yield was fu.lly up to the average of 
adjoining plats having thorough cultivation. 
So far no b~nefit has been derived from more tillage 
than is necessary to kill weeds, which is thoroughly in 
accord with results Qf , similar experiments by Dr. Sturte~ ' 
vant of New York, and Prof. Mon-ow of Illinois. 
The wllole field needs further investigation, and a fall' 
and unbiased interpretation of the results, which, I am 
confident, will at least modify current ideas of the func-
tions of tillage. 
ROOT PRUNING IN TILLAGE. 
Experiments are numerous showing the ill effects of 
root pl'uning. , In this trial my object was to eliminate this 
factor from a comparison of deep and shallow culture ;01' 
to compare the effect of these two methods of tillage when 
the roots were equally pruned. 
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Two one-tenth acre plats, in 1890, were devoted to this 
tesUn both of which the roots of the growing plants were 
artificially pruned to a slightly greater extent than was 
assumed to be done by deep tillage. One plat was culti-
vated deep and one shallow, in the manner already 
described, with the result shown in Table XVII. 
TABLE XVII. RESULTS WITH DEEP AND SHALLOW TILLAGE 
WHEN ROOTS ARE EQUALLY PRUNED. 
TREATMENT. I Corn Fodder pel: acre per acre 
bu. lbs . 
Shallow Tilled-roots pruned .. ~.-:-==~~ I~~-r74() 
Deep Tilled-roots pruned... . . .. .. .. .... . . . ... . . ... 48.0 1900 
Increase wit~. Shallow Tillage-bushels. . .. .. . ... . . . 5.0 .... . .... . 
Per cent. Increase from Shallow Tillage...... . .. . . .. 1004 . .. .... . . . 
This table appears to show that only a part of the 
difference noted in the first table of depth of cultivation is 
due to root pruning', and that there is a further advantage 
presumably in moisture conserved. 
EFFEC'l' OF 'rILLAGE AT DIFFEREN'l' PERIODS OJ;' GROW'l'H. 
'rhere often comes a time to the practical corn grower 
when, owing to delay occasioned by wet weather, the 
implements that till shallow and level will not answer to 
destroy the weeds in the row. Hand hoeing is too expen-
sive and deep tillage must be resorted to. 
The following trial was designed to discover the stage 
of growth of the ' plant at which the ill effects of deep 
tillage are least felt. The trial was made in 1890 and it 
wa~ my design to make it elaborate and thorough, but 
owing to the lack of suitable land not otherwise provided 
for the work was limited to two standard sizt-\d plats. In 
one the shallow cultivator was used in the first two culti-
vations. and the deep cultivator in the last two. In the 
other plat the order was reversed. The table below shows 
the results. 
-25-
TABLE XVIII. TABLE SHOWING EFFEUT OF DEPTH OF TILLAGE 
AT DIFFERENT PERIODS OF GROWTH, 1890. 
TREATMENT. 
Cultivated shallow early and deep afterwards....... ... 48.1 2070 
Cultivated deep early and shallow afterwards........... 42.8 2000 
Increase from shallow early. . . . . . . . .. ............ .... 5.3 
Per cent of increase from shallow early ... .. . ,' . . . . . . . . . . 12.4 
In tlns trial the plants were fully two feet high with-
out raising the blades when the method of cultivation was 
changed. It seems 10 show that less damage is done by deep 
tillage after the plants have' attained this size than when 
smaller. This runs connter to the general impression of 
farmers but appears to be in accord ' vdth reason since the 
mutilation of roots by deep tillage early is relatively much 
greater than when the plant is more fully developed. 
Too much reliance should not be placed in a single 
trial, covering but one season. 
1<'IlEQUENCY o:F' CULTIVATION. 
In the subjoined table is given the results of duplicate 
tests of the effect of clifferent amounts of cultivation for 
the two yea~s. In all.cases the same implement was used, 
namely, the Albion Spring T~:)Qth Cultivator. 
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TABLE XIX. SHOWING RESULT OF DIFFERENT AMOUNTS OF 
CULTIVATION 1889 AND 1890. 
<:5 
Z 
NUMBER OF TIMES 
CULTIVATED. 
1889 1890 
110,No Tillage .............. 532.541. 82. 3900259.560.545.7157063.8 
111 II Tilled five times ......... 496. 27.575. 3760254. 66. 46.01540 60.5 
112 Tilled four times ......... 533. 30. 80.54000281. 66. 49.61540 65:0 
113iTilled three times ....... '1515. 30. 78.04230269. 50. 4.5.61470 61.8 
114 Tilled two times ....... . . 531. 35. 80.74070272 .. 42.544.9166062.8 
11IiTilledonetime ........... 493. 44. 71. 3810235. 77. 44.6165060.8 
119 Tilled five times ......... 379. 47. 61. 3580302.55:J. 50.3196055.6 
120Tilledfourtimes ......... 399. 52. 64.53800260. 77. 48.2214056.3 
121 Tilled three times ....... 379. 60. 62.739301254. 70. 46.32010 54.5 
1221Tilled two times"" ..... 412. 57.567.1 3140i170. 102 38.91900 43.0 
123 Tilled one time ... " .... ",393.5 48.5 63.13270,117. 65. 26. 1750 44.5 
TABLE XX. SUMMARY SHOWmG RESULTS OF FREQUENCY 
OF CULTIVATION BY YEARS. 
CULTIVATION. 
----_. -----------------------
No tillage-surface scraped ....... 132.0 3900 45.7 1570 63.8 2735 
Tilled 5 times .................... 68.0 3670 48.1 1750 58.1 2710 
Tilled 4 times .................... 72.5 3900 48.9 1840 60.7 2870 
Tilled 3 times ..... ; .............. 70.3 4080 45.9 1740 58.1 2910 
Tilled 2 times .................... 72.9 3605 42.0 1780 57.9 2692 
Tilled 1 time ..................... 70 .. 0 3540 35.3 1700 55.2 2620 
A study of the,se figures fails to show any relation· 
between the amount of tillage and the yield. In the case 
of plat 123, in 1890, the weeds were not removed until · 
June 15, at which time they had made a heavy growth, 
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and, doubtless, reduced the yield to the figures shown. 
In all other cases the weeds were destroyed by hoeing 
regularly. 
rrllis is in accord with the results of similar trials at 
the Experiment Stations of New York, Ohio and Illinois. 
LEVEr, VS. HILL CUL'l'IV.<\'l'ION. 
Tn 1889, a trial of the effect of level and hill culture 
was made. Four plats were devoted to this test, each one 
of which had the same amount of .tillage to the same 
depth and with the same implements; excepting that 
plats 1 and 3 were hilled, while 2 and 4 were left level. 
The hilling was done with a, hoe, and , the level plats were 
tilled with this implement to the extent required to hill 
the other plats so that any material difference in the yield 
may be reasonably attributed to the fact that the plat was 
or was not hilled. 
The table below gives the resnlts for duplicate trials: 
TABLE XXI. RESULTS OF HILLED AND LEVEL CULTURE CORN. 
Plat 
TREATMENT. 
5 00 ~ul ~ ~oo 
SJ ~= O,~;S a:: ~ ~;:S 
;:l.. .... ~ <Ii .9::1... PI <Ii Ii> ai 
'1;jca .... ..caloj '1;j .... '1;j .... !~- d ..0 ...... ..- 03 0 '"d 0 No. 
,.:ll PI al ;:l h PI ..... 011 0 oj 
'_' ___ , __ '-----------,- I~ __ z_ ~-~ 
105 Level culture ........................... I 440 44 ,69.2 3690 
106 Hilled ............ ~ ................ .. . .. 416 52 67.0 3410 
, 107 Standard-ordinary............. ...... 387 65 64.7 3080 
108 LeveL......... ... ................ . ... 434 52 69.5 3850 
109 Hilled......... .................... . ... 492 45 76.8 3480 
Average of level culture, 69.3 bushels per acre. 
Average of hilled culture, 71.9 bushels per acre. 
Difference in favor of hilling. 2.6 bushels per acre. 
The results are quite inconclnshre, but appear to show 
that,' for this season, no damage was clone by hilling. The 
soil of plat, number 109, is either above the average of the 
set in fertility, or else number 106 is below, as no gain is 
shown excepting in the former. 
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TILLING ONE WAY VS. CHECK TILLAGE. 
A test of cultivating corn one way throughout the 
season, compared with cross-plowing ~nce, was made in 
1889 and 1890, with the following results: 
TABLE XXII. RESULTS FROM CROSS TILLAGE AND TILLING 
ONE WAY COMPARED. 
1889. _____ 1890~ __ 1 ~ 
, .2:::e :::1;9 ,.!:l ",;9 Ql;9 :::1:e ,.!:l ",;9 "d,.!:l :::1,,; en ::5 1 00",00 1 <Ii ' ::5 oi~::5 
CT'TLTIV'TION. p->...; .~ "",- as al as '~...;'.~...; as al ai lal SJ5' \...t3.. 00 ~ ~.:!J ;... . ,..-1 ~ • d I h cd ;....- ~ ,""'" t) ~ ~ "'~ [j ~ I p... g I ~ ~ I .-a ~ g ~ c po., = o I:Il ..... rn -I ~ I · 'w I:Il P<I '" 0) '" • I:Il 0) • 
Z ~ @ .S ~:; $ @ W ~ .= s = @ 8) ~ ~ ~A~~~ ~~~~~~~ ~~~A ~ g 1:5 .~ ro 1 g ~ "§ ~ '"d ~ ~ ~I----------~ ~ ~ & ~-~~ ~ ~ 
116 Cross Tilled ................ 459 44 72. 3120 292 26 45.5 1580 58. 7 
117Tilledoneway ............ 447 36 69. 31100196 71 38.11470153.6 
124 Cross Tilled ............... 406 54 165.7/3380257 66 46.2166055.9 
125 Tilled one way ....... . .... 399 61 65 . 713670 223 91 44 .9164055 .3 
TABLE XXIII. SUMMARY FOR TWO YEARS . 
_18~9._ ~9~_I ~verage. 
a3CliCli a3 Cliai 
8S)6 8@8( aaJ8 
CULTIVATION. !::I ~ ~...:l !::I...:l:;:! ~ I e...:l ~ ~ 0 ..... - 0 ~ ...... $-4 0 J..! -""" 0:-. 
.::,) p:: ~ 0) 0 "Q) & 0) 10 Q) & Q) p... "'..... p.., "';..; p... ~ ~ dj ~ ~ ~ 
..::: :::: ,..Q ~ ,.!j ~ 
~ ~ 00 ~ 00 ~ ~ 0 ~ 0 0 0 Xl p... ~ p... ~ p.., 
Cross Tilled.~.·~~-,"" .. ~, .~~ 168.813250 45 ',8162057 .3\2435 
Tilled One Way .............. , ... , ... . ...... 67.3363541.51555 54.4 2595 
Increase With Cross Tillage .... .. ............ 1.5 .... 4.3 ... . 2.9 .. .. 
It appears that a slight advantage resulted from cross 
plowing once as compared with tilling one way through-
Oll t the season. 
THICKNESS OF PLANTING. 
In both seasons eleven one-tenth acre plats were devoted 
to a study of tlieproper distance and _proper number of 
plants to be grown upon a given area to produce the 
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heaviest yield. The trial also shows the effect of distribut-
ing the seed in hills ot drills. 
The details are given in the subjoined table: 
TABLE XXIII. DISTANCE AND THICKNESS OF PLANTING CORN. 
o!. -g 1t;89. 1890. 
oo~~ ~ 00 d 00 ~ 00 ~ ~ ~~ ~~;:S ,!:2 :S ~:S::2 E ~ 
DISTRIBUTION .§.S ~ ~.~ ~ oS' '" <l7 ' . ~ .~...; af '" .. 
,.... "' Q) :0 ~ ;>-. c;j ;..c.... ~ a ~.s I':~ s.. ~o ~ ClJo'" o :--Q;l~ ;-;:: :,;'-:3., Q) g ~ ~ en ~ ~ 
OF SEED. Ql 8 OJ ;: a ",:l, :; '" Cll '" ::l '" 0.. '" ",. ro Z ~~ ~~~~~ ~ ~~3~~ ~ ~ s~ oQ.c..o~";j :g oA..c~CD :s 
c:;:i . ::: Q) 0 ::s .~ 0 0 ::1 _ '-' ~ ~o.. ~ Z ~ ~ ~ . ~ ~ ~ 
164 Hills 4lix45 in. 2 grains .. ~ 6480 461 53 173 .5 3'iiiO 3. 15 304.9-:51-::."340 
165 Hills 45x45 in. 3 grains . . .. 9720 528 . 51 80. 3970365 41 58. 2680 
166 Hills 45x45 in. 4grain~ .... 12960 482 61 78. 43ilO 311 91 570413310 
167 Hills 45x22% in. 2 grains. 12960 497 44 77.44540 177 112 41.4 3620 
168 Hills 45x22% in. 1 grain,, / 6480 /373 34 58. 3230283 47 47.22100 
169Hills45x22}-6in.l)-,fgrains 9720 392 64/6.1 .24030322 40 51.72620 
170 Hills 45x22;~ in. 2 grains. 12960 320 1 90 5~ . 63410260 109 53 .7 3210 
171 Hills 45x15 in. 1 grain .. . .. [9720 1287 19 148 . 3240281 74 iiO. 8 2460 
136 Hills 45x15 in. 1;2 grains. 14580 162 144 43.63910 78 188 38. 2840 
1371HillS 45x15 in. 2 grains .. . . 19440 I 92 1110 29. 4475 29 208 33.93490 138 HIlls 45x22~'2 in. 2 grains .. 12960 ;186 108 42 . 3960185 196 54.4 2520 
DISTANCE OF PLANTING--A VERAGE FOR TWO YEARS. 
DISTRIBUTION OF SEED. 
Hills 45x45 inches, 2 grain~........... 6480 388 41 61.ii 290047 .2 9.1i 
Hills 45x45 inches, 3 grains.... ..... .. 9720 447 46 69.0332548.2 904 
Hills 45x45 inches; 4 grains ....... ; ... 12960 396 76 67.7382056.4 16.1 
Hills 45x22t inches, 2 gra~ns........... 12960 323 66 56.0 260046.4 17.0 
Hills 45x22t inches. 1 gram .......... 6480 33'7 78 59.4408067.018.8 
Hills 45x22t inches. It grains.. . . . . . . . . . 9720 328
1
40 52 .6266548.7 10.9 
Hills 45x22t inches, 2 grains .......... 12960 357 52 58.4 3325 58.612.8 
Hills 4:ix15 inches, 1 grain..... .. ..... 9720 290 99 56. () 3310 59 .3 25.4 
Hills45x15 inches.ltgrains .... .. .. ~ .. 1458028461 49A28[j()57 .317.7 
Hills 45x15 inches, 2 grains ......... 1 19440 120!166 140.813375182.758.0 
There is not a close· relation between the thickness of 
planting and the per cent. of nubbins. There is, however, 
a constant relation between the per cent. of nubbins and 
the ~ield per acre. 
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It appears that other factors, aside from the number 
of plants per acre, affect the yield. So far as our trials 
show, the distribution of the seed, where the amount 
remains equal, has an influence. 
By grouping' the figures with reference only to the 
number of plants per acre, we have the following exhibit: 
THICKNESS OF PLANTING CONSIDERED ALONE. 
. I 6480 I 9720 1 12960 114580 119440 
. ITE . plants 'plants plants plants plants 
MS. per acre per acre per acre per acre per acre 
:2 plats. 3 plats. 13 plats. j 1 plat. 11 plat. 
Merchantable Ears per plat, ibs ~302 355 - 358 - 284 - ' 120-
Nubbms pel' plat, Ibs.. . . . . . . . . 59 62 65 61 166 
Percent. of Nubbins .......... 14.1 15.2 15.3 17.7 58.0 
Whole Yield per acre, bu..... 60.4 59.2 60.7 49.4 40.8 
Fodder Yield per acre, lbs . . . . 3490 3100 3248 2850 3375 
Pounds of Fodder per bu. corn. 57.1 52.1 50.5 . 57.3 82.7 
vVhich shm,vs little or no difference in the yield until 
we pass beyond 12960 plants to the acre, which is eq uiva-
lent to one plant every 11 inches in rows, three feet and 
nine inches apart, or to planting in hills three feet and 
nine inches apart each way with four plants in a hill. By 
reference to the table, however, it will be seen that one-
half this number of plants per acre, or two plants per hill, 
gave practically the same yield, which would be more con-
venient for the husker as the ears are much larger and less 
in number. 
'rILl~ DRAINAGE FOR CORN. 
Six one-tenth acre plats WAre devoted to a test of the 
value of tile drainage for our soil, three of which were 
underdrained with three-inch tile, and three undrained . . 
The two sets are separated by a plat not in the trial to 
avoid the influence of drainage . upon the first of the 
undrained plats. 
The plats are 33 feet wide with aline of three-inch tile 
laid at an average dept.h of 30 inches, running through the 
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\ . 
center of each plat of the drained set and connecting with 
a five-inch main, emptying in an adjoining meadow. So 
far they have apparently discharged their functions per-
fectly. 
The crop grown in 1889 was Yellow Globe Mangel 
Wurtzels, in rows 30 inches apart; and, in 1890, Ouban 
Queen Oorn, in rows tll1'ee feet nine inches apart each way 
with three plants in a hill. 
'fhe result with both crops is given in the subjoined 
table: 
Plat 
No. 
88 
89 
90 
91 
92 
93 
94 
TABLE XXIV. SHOWIN13- YIELD OF DRAINED AND 
UNDRAINED PLATS. 
1889. 1890-Corn. 
TREATMENT. 
----- --------
Drained ........................ 10.20 309 79 55.5 
Drained ..................... 9.97 296 63 51.3 
Drained ........................ 9.24 331 I 62 56.2\ Half plat separating sets .... ; .. 5.63 181 34 30.9 
Not drained ................. .. . 9.33 348 64 59.0 
Not drained ............ .. ..... 8.37 343 68 59.0 
Not drained .......... ••• 0" ••• 
8. 08 1 
304 88 56.0 
Average of drained plats ........ 9 77 54.3 
Average of undrained plats .... . 8.59 58.0 
--
2260 
1760 
1920 
1050 
1920 
1890 
1690 
1966 
1833 
The results are in favor of drainage, in 1889, with 
Mangel vV nrtzels, sho wing a gain of- 1.18 tons per acre, or 
18.7 per cent. over the undrained plats. In 1890, the 
results are reversed where corn was grown-the undrained 
plats showing the heaviest yield by 3.7 bushels per acre, 
or 7 per cent. On the whole, the season of 1889 was better 
suited to show the advantag~s of under drainage, as there 
was an excessive precipitation during May and early part 
of June, while, in, 1890, the rainfall was more uniformly 
distribu ted. 
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EFFEOT OF DRAINAGE UPON SOIL J\'IOIS'I'UHE. 
During the season of 1890, weekly samples of soil, to 
a depth of seven inches, were drawn for eleven weeks, end-
ing August 6, from each of these plats, and the moisture 
determined by the Chemical Department of the Station. 
'iVithout burdening this report with the details, suffice 
it to say that no difference in the per cent. of rnoistul'e was 
found. The aV8rage for the season being, for the drained 
plats, 18.565 per cent. and for the undrained 18.428. 
In one week one set would contain the most moisture, 
and, perhaps, the figures would be reversed in the 
next. Yet the dHferel1ce, in all cases, was. so slight as 
to be within the limit of error. These fluctuations did not 
appear to be affected by previous rains, although rt0 good. 
opportunity was offered to draw sampleswhel1 the soil 
was thoroughly saturated. The trial is to be continued 
and the moisture determination begun earlier 'and contin-
ued through the entire season. 
'There is no difference in yield, so far as our trial has 
gone, to warrant the 'expense of tiling our uplands that 
have moderately good natural drainage. 
Experiments in seed selection, depth of planting, time 
of harvesting corn have been carried on during the two 
years, but further data will be collected before a report is 
made. ' 
FINAL SUMlIfARY AND REVIEW. 
1. In the test of varieties, the early-maturing varie-
ties gave an average ·of the smallest yield of corn and 
fodder, the shortest; stalks and the smallest proportion of 
stalk to ear. The medium-maturing varieties averaged the 
largest yield of corn, while the late-maturing varieties 
gave the largest amount of fodder, the highest stalks and 
the greatest yield of s.talks in proportion to ears. 
Edmund's Dent and. Cuban Queen-both yellow-led 
in yield among the early-maturing varieties, while Blount' s 
Prolific and Champion White Pearl of the white varieties, 
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'and Logan, Imperial and Murdock's Improved of toe " 
yellow, are the most promisiI!g of the medium-maturing. 
Of the lute-maturing, St. Charles White and Pisa . King 
led in the yield among the white varieties, while Golden 
Beauty was, apparently, the best of the yellow. ' 
II. In the trial of fertilizers, barnyard manure gave 
an increase from the use of equivalent to about ten loads 
per acre of 46 per cent. for the first year and 33 per cent. 
for the second ,year, 'with but one application. This is the 
average of 8 manured, compared with 4 nnmanured plats. 
Fermented manure appears to give better returns the 
first year, and show less effect the second year than did 
the unfermented manure. Horse manure gave better 
results than eattle manure.. ' 
A comparison of the solid and liquid manure from 
cattle when both were saved together, and an equal weight 
of solid manure alone showed the largest yield for the two 
years from t.heplat having the liquid manure saved with 
the solid. Plowing under gave better results . than any 
other method of applying tested. No benefit was derived 
from the use of salt, lime or land plaster,while wood 
ashes gave a material increase of crop. In the trial of 
commercial fertilizers the increase was not sufficient to 
warran t the expense . . In these trials corn responded more 
readily to in application of potash than either phosphoric 
acid or nitrogen. 
III. PREPARATION FO~ PLANTING :-The trial of Fall 
and Spring plowing for carrots and corn resulted in a 
draw. In the test of thorough, little and no plowing for 
corn for the two years, there was no difference in the yield. 
The plat having no preparation yielded more corn in 1889 
than either of those that had been prepared, and less in 
1890. .A. comparison of deep and shallow plowing for corn 
in 1890 showed a gain of 4.8 bushels per acre,or 11.9 per 
cent. in favor of shallow plowing. Depth,. 4 incllesfor the 
shallow and 10 inches. for the deep plowing. 
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Subsoiling showed no gain in 1839 for rutabagas, nor 
in 1890 for corn. In both seasons the trial was made on 
tile-drained land, where subsoiling is supposed to show to 
the best ad vantage. 
IV. DISTANOE OF PLANTING :-An arerage of the two 
seasons' work shows no differenco in the yield from plant-
ing three feet nine inches apart, each way, with 2, 3, or 4 
grains in a hill. When plan ted either thicker or t,hinner 
there was a decreased yield, which, in the case of thicker 
planting, 'vas accompanied by a material increase in the 
per cent. of nubbins. 
Y. CULTIVATION OF OORN.-A trial of deep and 
:ellallow tillage gave an increase of 14.3 bushels per acre, 
<or 21. 7 per cent. of the whole yield, in favor of shallow 
tillage in 1889, and an increase for the same method of 
tillage in 1890 of J 2. 6 bushels per acre, or 30.6 pel' cent. as 
an average of duplicate plats. Average of both seasons for 
all plats gives an increase of 13.5 bushels per acte, or 25.2 
per cent. A plat in the set having no tillage, the weeds 
being removed with a sharp hoe without stirring the soil, 
yielded in both seasons, for the same plat. more than the 
deep-tilled 'plats, but less than the shallow-tilled. Weekly 
determinations of soil moisture for 11 weeks, . ending 
August 6, in 1890, showed that the shallow-tilled plats had 
an average of 11.6 per cent. more moisture than the deep-
tilled plats, and 10 per cent. more than the plat receiving 
no tillage. 
In test of different depths of cultivation with the hoe, 
running from 1 to 5 inches deep, there was less difference 
in the yield than in any test ofdeptli of cultivation where 
field implements were used. It is probable that the better 
conservation of moisture by deep hoeing counteracts and 
balances to some extent the effect of root mutilation, as 
the New York Experiment Station has shown that the 
moisture increased regularly with the dept.h of stirring. 
In their test the soil was. stin;ed with a hoe or spade, and 
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no crop was grown on the , land tested. Then a perfect 
mulch is formed, but, as explained in the body of this 
report, no such covering is made by the ordinary field cul-
tivator when run deep. . 
A light mulch of fine earth in one case, of .sand in 
another, and in a third. of chaff, spread to a depth of one-
half inch, gave as large a yield for 1889 as two adjoining 
plats having thorough tillage. The mulched plats were 
never tilled. 
In a test of deep and shallow tillage where the root 
lIlutilation was equal there was a gain of 5 bushels per 
acre, or 10.4 per cent. in favor of shallow tillage, due, pre-
sumably, to the increased amount of moisture conserved. 
An effort to determine the stage of development of the 
IJlant, at which the ill effects of deep tillage are least felt, 
showed. a gain of 5.3 bushels per acre, or 12.4 per cent. 
from tilling shallow, when the plants are small, and deep 
afterwards, as compared with deep tillage, early and shal-
low afterwards. The trial was not made in duplicate, and 
covers but one season. The results need confirmation. 
The l'esult of the experiment, with frequency of tillage 
for two years, shows no relation between the amount 
of cultivation and the amount of corn harvested, so 
long as the weeds are kept down. This is in accOl'd. with 
experiments at New York, Ohio and Illinois Experiment 
Stations. A test of hilled VS. level cultivation, where all 
other things were equal, showed an increase of 2.6 bushels 
per acre, or 3.7 per cent. in favor of hilling. The results 
are not decisive enough to be conclusive, but point to a 
probable advantage from hilling. A comparison of tilling 
one way continuously and cross plowing once for both · 
seasons resulted in a gain of 2.9 bushels, or 5.3 per cent. in 
favor of cross cultivation. . 
VI. TILE DHAIN AGE.-A trial of the value of tile 
drainage OIl onr rolling clay upland shows a gain of 1.18 
. ton's of'Mangels per acre, or 13.7 per cent. in 1889 in favor 
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of drainage; while, for 1890 with corn, the results are 
reversed, giving the undrained plats an ad vantage of 3.7 
bushels per acre, or 7 per cent. So far, the results are 
inconclusive. In 1890, the moisture in the first seven inches 
of the soil, in both drained and undrained plats, was 
determined weekly for eleven weeks, ending August 6, 
showing no difference in favor of ei ther system. 
